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(57) A sensor system for measuring linear displace- 
ment of a first member (10) relative to a second member 
(12).. consist of an analogue Hall Effect sensor secured 
to the first member (10) in an orientation to sense mag- 
netic flux in a sensing direction perpendicular to said di- 
rection of relative movement, and a permanent magnet 
(22) secured to the second member (12) and having a 
front surface facing the Hall Effect sensor and extending 
along the direction of relative movement between the 
first and second members (10, 12). The permanent 
magnet (22) is magnetised so that the front surface (24) 
has a first magnetic pole of a first magnetic polarity at a 
first end (28) and a second magnetic pole of a second 
magnetic polarity at a second end (30) spaced from the 
first end in the direction of travel. 
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Description 



[0001] This invention relates to a sensor system for 
measuring linear displacement of a first member relative : 
to a second member, comprising an analogue Hall Ef- 
fect sensor secured to the first member in an orientation 
to sense magnetic flux in a sensing direction perpendic- 
ular to said direction of relative movement, and a per- 
manent magnet secured to the second member and 
having a front surface facing the Hall Effect sensor and 
extending along the direction of relative movement be- 
tween the first and second members. 
[0002] An analogue Hall Effect sensor produces an 
output voltage related to the component of the flux den- 
sity of a magnetic field in which it is located which is 
perpendicular to its sensing surface. The sensor pro- 
duces zero output voltage when subject to a magnetic 
field of sufficient strength in one direction and its maxi- 
mum output voltage when subject to a magnetic field of 
the same magnitude in the opposite direction. In the ab- 
sence of a magnetic field, the sensor produces an output 
voltage of half its maximum voltage. 
[0003] GB-A- 11 09220 disclosed a sensor system of 
this type in which the front surface is concave in the di- 
rection of relative movement so that the magnetic flux 
at the Hall Effect sensor has a minimum value when the 
latter is positioned opposite a centra! location at which 
the concavity of the surface has maximum depth. A sec- 
ond Hall Effect sensor is mounted adjacent to the first 
sensor for simultaneous movement therewith. The out- 
puts of the two sensors are combined electronically in 
order to determine the side of the central location on 
which the sensors are located. 

[0004] According to the invention, in a sensor system 
of the type described above, the permanent magnet is 
magnetised so that the front surface has a first magnetic 
pole of a first magnetic polarity at a first end and a sec- 
ond magnetic pole of a second magnetic polarity at a 
second end spaced from the first end in the direction of 
travel. 

[0005] With this arrangement, the Hall Effect sensor 
is exposed to a magnetic field which changes polarity 
as the first and second members pass through a relative 
position in the centre of their range. Consequently, the 
sensor can be arranged to produce its full range of out- 
put voltages, thus maximising the resolution obtained. 
[0006] Preferably, the front surface is concave in the 
direction of relative movement between the first and 
second members and is shaped to cause the magnetic 
field to vary such that the normalised vector of the flux 
density passing through the Hall Effect sensor varies in 
a substantially linear manner along the path of the Hall 
Effect sensor. Consequently, the output voltage of the 
Hall Effect sensor bears a substantially linear relation to 
position. 

[0007] An embodiment of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 



Figure 1 is a partially broken-away view of a linear 
position sensor system. in accordance with the in- 
vention; and . - V 
Figure 2 is a flux diagram, on an enlarged scale, of 
5 a permanent magnet for the sensor system shown, 
in Figure 1 . i. \ . .- : . ;.- v. 

[0008] Figure 1 shows a linear position sensor system 
in accordance with the invention, comprising a hollow, 

10 cylindrical housing 10 having a coupling eye 12 at one 
end, whereby it may be connected to one of the two 
members (not shown) whose relative position is to be 
measured. The housing 10 has a hole 1 4 at the end op- 
posite to the. coupling member 12. The hole 14 serves 

75 as a slide guide for a rod 1 6 which projects into the hous- 
ing 10 and has a second coupling eye 18 on its outer 
end for connection of the two members whose relative 
position is to be sensed. In accordance with the inven- 
tion, an analogue Hall Effect sensor 20 is embedded in 

20 the inner cylindrical wall of the housing 10 about half 
way along its length. The rod 16 carries an embedded 
permanent magnet 22 which is positioned with a front 
surface 24 confronting the Hall Effect sensor 20. The 
Hall Effect sensor 20 is preferably a so-called ratiometric 

2S Hall Effect sensor in which the output is linearly propor- 
tional both to the normal component of the flux vector 
passing through the sensing element and to the supply 
voltage. 

[0009] The magnet 22 has a concavity in its front sur- 
30 face 24. The concavity has a flat central zone 26 extend- 
ing parallel to the axis of the rod 1 6, on each end of which 
is a respective tapering intermediate zone 28, 30 and 
an end zone 32, 34 parallel to the central zone 26. 
[001 0] Figure 2 shows the magnet 22 on an enlarged 
3S scale with dotted lines representing lines of magnetic 
flux between respective magnetic poles designated N 
and S on its front surface 24 and corresponding poles 
of opposite polarity on its surface 36 opposite to the front 
surface. The path of the Hall Effect sensor is represent- 
ee ed by a chain-dotted line 38. Satisfactory results have 
been achieved with a magnet of overall length 11.3 mm, 
width (perpendicular to the plane of Figure 2) 3 mm, and 
maximum thickness 3.8 mm; the central zone 26 being 
of length 3.5 mm and having a thickness 2.1 mm, and 
4S the end zones 32 and 34 each being of length 0.4 mm. 
Such a magnet is suitable for use in a sensing system 
where the distance between the end zones 32, 34 and 
the sensing element of the Hall Effect sensor 20 is 1 .25 
mm. 

50 [0011] Sensor systems in accordance with the inven- 
tion find particular application in rear view mirrors for 
motor vehicles of the type in which the orientation of the 
mirror house is adjustable relative to the mirror housing 
by means of two screw jack drives arranged to adjust 

55 the orientation of the mirror glass about mutually orthog- 
onal axes. A mirror assembly of this type is described 
in EP-A-0549173. A respective sensor system in ac- 
cordance with the invention may be associated with 
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each screw jack drive so as to provide an electrical sig- 
nal indicating the actual position of the mirror glass. 
Such position sensor systems are required for use when 7. 
such a mirror is used in conjunction with a system for 
storing a plurality of desired orientations for the mirror s 
glass so that the mirror may be adjusted automatically 
in accordance with the requirements of a number of in- 
dividual drivers. 

8. 

10 

Claims 

1 . A sensor system for measuring linear displacement 
of a first member (10) relative to a second member 
(12), comprising an analogue Hall Effect sensor se- is 
cured to the first member (10) in an orientation to 
sense magnetic flux in a sensing direction perpen- 
dicular to said direction of relative movement, and 
a permanent magnet (22) secured to the second 
member (12) and having a front surface facing the 20 
Hall Eflect sensor and extending along the direction 
of relative movement between the first and second 
members (10. 12), characterised in that the perma- 
nent magnet (22) is magnetised so that the front 
surface (24) has a first magnetic pole of a first mag- 2s 
netic polarity (N) at a first end (28) and a second 
magnetic pole of a second magnetic polarity (S) at 
a second end (30) spaced from the first end in the 
direction of travel. 

30 

2. A sensor system according to claim 1 , wherein a 
surface (36) of the permanent magnet opposite to 
said front surface (24) has one magnetic pole of 
said second magnetic polarity (S) opposite to said 
first magnetic pole, and another magnetic pole of 35 
said first magnetic polarity (N) opposite to said sec- 
ond magnetic pole. 

3. A sensor system according to claim 1 or 2, wherein 

the front surface (24) is of constant width in a direc- 40 
tion perpendicular both to said direction of relative 
movement and to said sensing direction. 

4. A sensor system according to claim 1,2 or 3, where- 
in said front surface (24) is concave in the direction 4s 
of relative movement between the first and second 
members (10, 12) and is shaped to cause the flux 
density to vary in a substantially linear manner 
along the path (38) of the Hall Effect sensor (20). 

■ so 

5. A sensor system according to claim 4, wherein the 
front surface (24) includes a central portion (26) 
comprising a plane surface perpendicular, to the 
magnetic axis of said permanent magnet (22). 

55 

6. A sensor system according to claim 5, wherein the 
front surface includes two end portions (32, 34) 
comprising plane surfaces perpendicular to the 



magnetic axis. 

A sensor system according to claims 5 or 6, wherein 
the front surface (24) includes two intermediate por- 
tions (28, 30) on opposite sides of the central por- 
tion (24), inclined at opposite angles to the magnetic 
axis. 

A sensor system according to claim 7, wherein the 
intermediate portions (28, 30) comprise plane sur- 
faces. 
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